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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a CPP structure 
electromagnetic transducer, capable of further narrowing a path of a 
current to be supplied to an electromagnetic transducing film 
without depending upon the contraction of the transducing film. 
SOLUTION: The CPP structure electromagnetic transducer 32 
comprises upper side and lower side drawer conducive layers 46 
and 38 for supplying sense currents to the electromagnetic 
transducing film 43. A conductive terminal piece 39 rises on the 
surface of the lower side drawer conductive layer 39. The path of Z 
the current is specified on the contact surface of the piece 39 with 
the film 43. The path of the current can be decided based on the 
spread of the upper surface of the top of the piece 39 contacted 
with the film 43. In such a CPP structure electromagnetic 5 
transducer 32, the path of the current to the film 43 can be - 
narrowed without depending upon the contraction of the film 43. ~ 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a bottom drawer conductive layer, the electric conduction terminal strip which starts from the front face 
of a bottom drawer conductive layer, the insulator layer which spreads on the front face of a bottom drawer 
conductive layer, touching the wall surface of an electric conduction terminal strip, and the electromagnetism which 
lies in the summit side of an electric conduction terminal strip at least — the conversion film and electromagnetism 
— - the CPP structure characterized by having a top drawer conductive layer in contact with the summit side of the 
conversion film — electromagnetism — a sensing element. 

[Claim 2] CPP structure according to claim 1 — electromagnetism — a sensing element — setting — said 
electromagnetism — the CPP structure characterized by specifying the conversion film by the 2nd piece with said 
bigger electric conduction terminal strip than the 1st piece — electromagnetism — a sensing element. 
[Claim 3] CPP structure according to claim 2 — electromagnetism — a sensing element — setting — said 
electromagnetism — the CPP structure characterized by forming the conversion film on 1 flattening side specified 
on the summit side of said electric conduction terminal strip, and the front face of an insulator layer — 
electromagnetism — a sensing element. 

[Claim 4] CPP structure according to claim 3 — electromagnetism — a sensing element — setting — said 
electromagnetism — the CPP structure characterized by conversion film being either the spin bulb film and tunnel 
junction film — electromagnetism — a sensing element. 

[Claim 5] CPP structure according to claim 4 — electromagnetism — a sensing element — setting — said bottom 
drawer conductive layer — said electromagnetism — the CPP structure characterized by functioning as a magnetic 
shielding layer of the conversion film — electromagnetism — a sensing element. 

[Claim 6] CPP structure according to claim 5 — electromagnetism — a sensing element — setting — the 3rd piece 
smaller than said 2nd piece to said top drawer conductive layer — said electromagnetism — the CPP structure 
characterized by forming the terminal phyma in contact with the conversion film in one — electromagnetism — a 
sensing element 

[Claim 7] the process which forms an electric-conduction wafer in the front face of a drawer conductive layer, the 
process at which an insulator layer is formed in the front face of a drawer conductive layer, flattening processing 
performs for an electric-conduction wafer to a wrap process and an insulator layer by the insulator layer, and the 
summit side of an electric-conduction wafer exposes in respect of flattening on an insulator layer, and the 
electromagnetism which lie in the summit side of an electric-conduction wafer at least — the CPP structure 
characterized by to have the process which forms the conversion film on a flattening side — electromagnetism — 
the manufacture approach of a sensing element 

[Claim 8] CPP structure according to claim 7 — electromagnetism — in advance of formation of said electric 
conduction wafer in the manufacture approach of a sensing element with the process which forms said drawer 
conductive layer according to a regular configuration pattern on the front face of a basic layer the CPP structure 
characterized by having further the process at which a basic insulator layer is formed in the front face of a basic 
layer, and it pulls out by the basic insulator layer, and flattening processing is performed to a wrap process and a 
basic insulator layer, a conductive layer is pulled out in respect of flattening on a basic insulator layer, and the front 
face of a conductive layer is exposed — electromagnetism — the manufacture approach of a sensing element 
[Claim 9] CPP structure according to claim 8 — electromagnetism — the manufacture approach of a sensing 
element — setting — said electromagnetism — the process which forms a wrap covering insulator layer for the 
conversion film, and a covering insulator layer — penetrating — said electromagnetism — the CPP structure 
characterized by to have the process which forms the contact hole which arrives at the front face of the conversion 
film, and the process which fills up the formed contact hole with an electrical conducting material — 
electromagnetism — the manufacture approach of a sensing element 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] electromagnets m [ this invention ], such as for example, spin bulb film and tunnel junction 
film, — the conversion film and this electromagnetism — the electromagnetism from perpendicularly it intersects 
with the conversion film — CPP (Current Perpendicular-to-the-Plane) structure equipped with the top and bottom 
drawer conductive layer which put the conversion film — electromagnetism — it is related with a sensing element 
[0002] 

[Description of the Prior Art] By magneto-resistive effect film, such as spin bulb film and tunnel junction film, single 
domain-ization of a freedom side ferromagnetism layer is wanted to realize. It is thought that single domain-ization 
of such freedom side ferromagnetism layers greatly contributes to reduction of a Barkhausen noise. The spin bulb 
film and the tunnel junction film are put between one pair of magnetic-domain control hard film in implementation of 
single-domain-izing. Such magneto-resistive effect film and the magnetic-domain control hard film are formed on a 
flattening side, for example, CPP structure — electromagnetism — such flattening sides are prescribed by the front 
face of a bottom drawer conductive layer by the sensing element 
[0003] 

[Problem(s) to be Solved by the Invention] When the magneto-resistive effect film and the magnetic-domain control 
hard film are formed on a bottom drawer conductive layer as mentioned above, the magneto-resistive effect film 
contacts a bottom drawer conductive layer on the whole base. That is, according to the magnitude of the magneto- 
resistive effect film, a path will be inevitably determined as a sense current. In narrowing a path as a sense current, 
the magneto-resistive effect film must be reduced further, if a path can be narrowed as a sense current — read- 
out of magnetic information — hitting — electromagnetism — the sensibility of a sensing element can be raised. 
[0004] that by which this invention was made in view of the above-mentioned actual condition — it is — 
electromagnetism — without it depends on contraction-ization of the conversion film — electromagnetism — the 
CPP structure which can narrow a path further as the current supplied to the conversion film — electromagnetism 
— it aims at offering offering a sensing element 
[0005] 

[Means for Solving the Problem] the electromagnetism which lies in the summit side of an electric-conduction 
terminal strip at least with a bottom drawer conductive layer, the electric-conduction terminal strip which starts 
from the front face of a bottom drawer conductive layer, and the insulator layer which spreads on the front face of 
a bottom drawer conductive layer, touching the wall surface of an electric-conduction terminal strip according to 
this invention in order to attain the above-mentioned purpose — the conversion film and electromagnetism — the 
CPP structure characterized by to have a top drawer conductive layer in contact with the summit side of the 
conversion film — electromagnetism — a sensing element is offered. 

[0006] such CPP structures — electromagnetism — a sensing element — an electric conduction terminal strip and 
electromagnetism — a path can be prescribed by the contact surface with the conversion film as a current the 
passage of a current — a path — electromagnetism — it can be determined based on the breadth of the summit 
side of the electric conduction terminal strip in contact with the conversion film, namely, such CPP structures — 
electromagnetism — a sensing element — electromagnetism — the ** independent of contraction-ization of the 
conversion film — electromagnetism — a path can be narrowed as the current over the conversion film. 
[0007] such CPP structures — electromagnetism — the case where a path is narrowed by the sensing element as 
a current — electromagnetism — the conversion film should just be prescribed by the 2nd piece with a bigger 
electric conduction terminal strip than the 1 st piece, in this way — if the 1 st piece of an electric conduction 
terminal strip is narrowed — electromagnetism — irrespective of the magnitude of the 2nd piece of the conversion 
film electromagnetism — between the conversion film and an electric conduction terminal strip, a path is 
establishable as the current according to the magnitude of the 1st piece. According to the 1st-piece contraction, a 
path can be certainly narrowed as a current 

[0008] such CPP structures — electromagnetism — a sensing element — electromagnetism — 1 flattening side 
top may be specified between the conversion film, and the summit side of an electric conduction terminal strip and 
the front face of an insulator layer, such flattening side top — electromagnetism — if the conversion film is formed 
electromagnetism — the dimensional accuracy and configuration precision of the conversion film can be raised, 
electromagnetism — the spin bulb film is sufficient as the conversion film, and the tunnel junction film is sufficient 
as it electromagnetism — other magneto-resistive effect film may be used for the conversion film. 
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[0009] The above-mentioned bottom drawer conductive layer may consist of the magnetic substance, in this way — 
if a bottom drawer conductive layer shows not only conductivity but magnetism — a bottom drawer conductive 
layer — electromagnetism — it can function as a magnetic shielding layer of the conversion film. Therefore, it can 
greatly contribute to the so-called shortening of a reading gap. According to such shortenings which it reads and 
are gaps, the resolution of magnetic recording can be raised in the direction of a line of a recording track. 
[0010] the above-mentioned top drawer conductive layer — electromagnetism — the 3rd piece with the conversion 
film smaller than the 2nd piece — electromagnetism — the terminal phyma in contact with the conversion film may 
be formed in one. in this way, a top drawer conductive layer and electromagnetism — if the breadth of the contact 
surface is narrowed between conversion film — electromagnetism — irrespective of the magnitude of the 2nd piece 
of the conversion film — electromagnetism — between the conversion film and a top drawer conductive layer, a 
path is establishable as the current according to the magnitude of the 3rd piece. According to the 3rd-piece 
contraction, a path can be certainly narrowed as a current 

[001 1] the above CPP structures — electromagnetism — the process at which the manufacture approach of a 
sensing element forms an electric-conduction wafer in the front face of for example, a drawer conductive layer, the 
process at which flattening processing is performed for an electric-conduction wafer to a wrap process and an 
insulator layer by the insulator layer by forming an insulator layer in the front face of a drawer conductive layer, and 
the summit side of an electric-conduction wafer exposes in respect of flattening on an insulator layer, and the 
electromagnetism which lie in the summit side of an electric-conduction wafer at least — what is necessary is just 
to have the process which forms the conversion film on a flattening side especially — such manufacture approaches 
— a flattening side top — electromagnetism — electromagnetism since the conversion film is formed — the 
dimensional accuracy and configuration precision v of the conversion film can be raised. Here, an electric conduction 
wafer corresponds to the above-mentioned electric conduction terminal strip. 

[0012] furthermore, CPP structure — electromagnetism — the manufacture approach of a sensing element may be 
equipped with the process which forms said drawer conductive layer according to a regular configuration pattern on 
the front face of a basic layer, and the process at which a basic insulator layer is formed in the front face of a basic 
layer, and it pulls out by the basic insulator layer, and flattening processing is performed to a wrap process and a 
basic insulator layer, a conductive layer pulls out in respect of flattening on a basic insulator layer, and the front 
face of a conductive layer exposes in advance of formation of an electric-conduction wafer. Especially, by such 
manufacture approaches, since an electric conduction wafer is formed on a flattening side, an electric conduction 
wafer can be formed in a certainly high precision. 

[0013] furthermore, CPP structure — electromagnetism — the manufacture approach of a sensing element — 
electromagnetism — the process which forms a wrap covering insulator layer for the conversion film, and a covering 
insulator layer — penetrating — electromagnetism — you may have the process which forms the contact hole 
which arrives at the front face of the conversion film, and the pro.cess which fills up the formed contact hole with an 
electrical conducting material. According to such a series of processes, the above-mentioned terminal phyma can 
be easily formed in a top drawer conductive layer in comparison. 
[0014] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained, referring to an 
accompanying drawing. ........ 

[0015] DrawingJ shows roughly one example of a magnetic-recording medium driving gear, i.e., the internal 
structure of hard disk drive (HDD) 11. This HDD1 1 is equipped with the body 12 of a case of the cube type which 
divides the building envelope of a flat rectangular parallelepiped. The magnetic disk 13 of one or more sheets as a 
record medium is held in hold space. The revolving shaft of a spindle motor 14 is equipped with a magnetic disk 13. 
A spindle motor 14 can rotate a magnetic disk 13 at high speed, such as for example, 7200rpm and lOOOOrpm. it is 
combined with the body 12 of a case, the lid (not shown), i.e., covering, which seals hold space between the bodies 
12 of a case. 

[0016] The carriage 16 rocked by the circumference of the pivot 15 prolonged perpendicularly is further held in hold 
space. This carriage 16 is equipped with the swinging arm 17 of the rigid body horizontally prolonged from a pivot 15, 
and the elastic suspension 18 which is attached at the tip of this swinging arm 17, and extends ahead from a 
swinging arm 17. As everyone knows, at the tip of the elastic suspension 18. the cantilevered suspension of the 
surfacing head sWder 19 is carried out by work of the so-called gimbal spring (not shown). Pressure acts on the 
surfacing head slider 19 from the elastic suspension 18 toward the front face of a magnetic disk 13. Buoyancy acts 
on the surfacing head slider 19 by work of the air current generated on the front face of a magnetic disk 13 based 
on rotation of a magnetic disk 13. The surfacing head slider 19 can continue surfacing with rigidity high in 
comparison during rotation of a magnetic disk 13 in the balance of the pressure of the elastic suspension 18 and 
buoyancy. 

[0017] If carriage 16 rocks by the circumference of a pivot 15 during surfacing of such a surfacing head slider 19, 
the surfacing head slider 19 can cross the front face of a magnetic disk 13 to radial. Based on such migration, the 
surfacing head slider 19 is positioned in the recording track of the request on a magnetic disk 13. At this time, 
rocking of carriage 16 should just be realized through work of an actuator 21 called a voice coil motor (VCM). As 
everyone knows, when the magnetic disk 13 of two or more sheets is incorporated in the body 12 of a case, two 
elastic suspensions 18 are carried to one swinging arm 17 between magnetic-disk 13 adjoining comrades. 
[0018] Drawin g_2 shows one example of the surfacing head slider 19. This surfacing head slider 19 is aluminum 203 
which is joined to the air outflow edge of the body 22 of a slider made from aluminum2 03-TiC (Al Chick) formed in 
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a fiat rectangular parallelepiped, and this body 22 of a slider, and builds in the read-out write-in head 23. It has the 
film 24 with a built-in head component of make (alumina). It is specified on the body 22 of a slider, and the film 24 
with a built-in head component, the medium opposed face 25. i.e.. the surfacing side, which counters a magnetic disk 
13. The air current 26 generated based on rotation of a magnetic disk 13 is responded to by the surfacing side 25. 
[0019] The rail 27 of two muscles prolonged toward an air outflow edge from an airstream ON edge is formed in the 
surfacing side 25. So-called ABS (air bearing surface)28 is specified in the summit side of each rail 27. In ABS28. 
the above-mentioned buoyancy is generated according to work of an air current 26. It was embedded on the film 24 
with a built-in head component and reads, and the write-in head 23 exposes the front end by ABS28 so that it may 
be mentioned later. In addition, the gestalt of the surfacing head slider 19 is not restricted to such gestalten. 
[0020] Drawin g 3 shows the situation of the surfacing side 25 to a detail, the read-out write-in head 23 — the thin 
film magnetic head 31, i.e., an induction write-in head component and CPP structure — electromagnetism — it has 
a sensing element 32, i.e., a CPP structure magneto-resistive effect (MR) reading component. The induction write-in 
head component 31 can write binary information in a magnetic disk 13 as everyone knows using the field which 
occurs for example, by the electric conduction coil pattern (not shown). The CPP structure MR reading component 
32 can detect binary information based on the resistance which changes as everyone knows according to the field 
which acts from a magnetic disk 13. The induction write-in head component 31 and the CPP structure MR reading 
component 32 are aluminum 203 which constitutes, the aluminum2 03 film (alumina) 33 which constitutes, the 
above-mentioned top half layer of the film 24 with a built-in head component, i.e., overcoat film, and a bottom half 
layer, i.e., the under coat film. It is put between film (alumina) 34. 

[0021] The induction write-in head component 31 is equipped with the up magnetic pole layer 35 in which the front 
end is exposed by ABS28, and the lower magnetic pole layer 36 in which the front end is similarly exposed by 
ABS28. The upper part and the lower magnetic pole layers 35 and 36 should just be formed from FeN or NiFe. The 
upper part and the lower magnetic pole layers 35 and 36 collaborate, and constitute the magnetic core of the 
induction write-in head component 31 . 

[0022] Between the upper part and the lower magnetic pole layers 35 and 36, it is aluminum 203. The nonmagnetic 
gap layer 37 of make (alumina) is put. As everyone knows, if a field occurs by the electric conduction coil pattern, by 
work of the nonmagnetic gap layer 37, the magnetic flux which goes back and forth the up magnetic pole layer 35 
and the lower magnetic pole layer 36 will leak from the surfacing side 25, and it will come out of it In this way, it 
leaks and the magnetic flux which comes out forms a record field (gap field). 

[0023] The CPP structure MR reading component 32 is equipped with the bottom drawer conductive layer 38 which 
spreads along the front face of the alumina film 34, i.e., a substrate insulating layer. The bottom drawer conductive 
layer 38 is not only equipped with conductivity, but may equip coincidence with soft magnetism. If the bottom 
drawer conductive layer 38 consists of conductive soft magnetic materials called NiFe, this bottom drawer 
conductive layer 38 can function on coincidence as a lower shielding layer of the CPP structure MR reading 
component 32. 

[0024] The electric conduction terminal strip 39 is arranged in the front face of the bottom drawer conductive layer 
38. This electric conduction terminal strip 39 starts from the front face of the bottom drawer conductive layer 38. 
Wall surface 39a which starts from the front face of the bottom drawer conductive layer 38 is specified in the 
electric conduction terminal strip 39. The electric conduction terminal strip 39 is not only equipped with 
conductivity, but may equip coincidence with soft magnetism similarly. If the electric conduction terminal strip 39 
consists of conductive soft magnetic materials called NiFe, this electric conduction terminal strip 39 can function on 
coincidence as a lower shielding layer of the CPP structure MR reading component 32. 

[0025] The bottom drawer conductive layer 38 is embedded at the insulating layer 41 which spreads on the front 
face of the alumina film 34. This insulating layer 41 spreads along the front face of the bottom drawer conductive 
layer 38, touching wall surface 39a of the electric conduction terminal strip 39. Here, the summit side of the electric 
conduction terminal strip 39 and the front face of an insulating layer 41 specify 1 flattening side 42 which continues 
without a break. 

[0026] the electromagnetism prolonged along with ABS28 on the flattening side 42 — the conversion film 43, i.e., 
the magneto-resistive effect (MR) film, is formed. This MR film 43 lies in the summit side of the electric conduction 
terminal strip 39 at least In this way, electrical installation is established only by leading the electric conduction 
terminal strip 39 between the MR film 43 and the bottom drawer conductive layer 38. The detail of the structure of 
the MR film 43 is mentioned later. 

[0027] Similarly, on the flattening side 42. one pair of magnetic-domain control hard film 44 prolonged along with 
ABS28 is formed. The magnetic-domain control hard film 44 puts the MR film 43 along with ABS28 on the flattening 
side 42. The magnetic-domain control hard film 44 should just be formed from metallic materials, such as CoPt and 
CoCrPt. By these magnetic-domain control hard film 44, magnetization is establishable as everyone knows along one 
direction which crosses the MR film 43. If a bias field is formed based on magnetization of such magnetic-domain 
control hard film 44, single domain-ization of for example, a freedom side ferromagnetism layer (free layer) is 
realizable within the MR film 43. 

[0028] On the flattening side 42, the covering insulator layer 45 covers and hangs further. This covering insulator 
layer 45 puts the MR film 43 and the magnetic-domain control hard film 44 between insulating layers 41. The top 
drawer conductive layer 46 spreads in the front face of the covering insulating layer 45. The top drawer conductive 
layer 46 is not only equipped with conductivity, but may equip coincidence with soft magnetism like the above- 
mentioned bottom drawer conductive layer 38. If the top drawer conductive layer 46 consists of conductive soft 
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magnetic materials called NiFe, this top drawer conductive layer 46 can function on coincidence as an up shielding 
layer of the CPP structure MR reading component 32. Spacing with the above-mentioned lower shielding layer 38, 
i.e., a bottom drawer conductive layer, and the top drawer conductive layer 46 determines the resolution of magnetic 
recording in the direction of a line of a recording track on the record disk 13. The terminal phyma 47 which 
penetrates the covering insulator layer 45 in the top drawer conductive layer 46, and contacts the summit side of 
the MR film 43 is formed in one. In this way, between the MR film 43 and the top drawer conductive layer 46, 
electrical installation is established only through the terminal phyma 47. 

[0029] The bottom drawer conductive layer 38 spreads back along the front face of the alumina film 34 from the 
front end exposed by ABS28 so that clearly from drawing 4 . A terminal pad 48 is connected with the back end of 
the bottom drawer conductive layer 38. A terminal pad 48 should just spread along the front face of the bottom 
drawer conductive layer 38. A terminal pad 48 is connected to the terminal pad by the side of the elastic suspension 
18 (not shown) through Au ball (not shown) etc., in case the surfacing head slider 19 is fixed to the elastic 
suspension 18. 

[0030] The top drawer conductive layer 46 spreads back along the front face of the covering insulator layer 45 from 
the front end exposed by ABS28 so that clearly from drawin g 5 . A terminal pad 49 is connected with the back end 
of the top drawer conductive layer 46. A terminal pad 49 should just spread along the front face of the top drawer 
conductive layer 46. Like the above-mentioned, a terminal pad 49 is connected to the terminal pad by the side of 
the elastic suspension 18 (not shown) through Au bail (not shown) etc., in case the surfacing head slider 19 is fixed 
to the elastic suspension 18. 

[0031] As shown in drawing 6 , the width of face W1 of the electric conduction terminal strip 39 is set up remarkably 
small rather than the width of face W2 of the MR film 43. Width-of-face W3 of the terminal phyma 47 is set as 
coincidence remarkably small rather than the width of face W2 of the MR film 43. Each width of face W1 and W2 and 
W3 should just be measured along with ABS28 in parallel with the flattening side 42. The width of face W2 of the MR 
film 43 determines the resolution of magnetic recording as radial [ of a magnetic disk 13 ]. The width of face W1 of 
the electric conduction terminal strip 39 and width-of-face W3 of the terminal phyma 47 may be set up equally. 
[0032] With the above CPP structure MR reading components 32, a sense current is supplied to the MR film 43 
from a top and the bottom drawer conductive layers 46 and 38. At this time, by the MR film 43, a path can be 
narrowed by work of the electric conduction terminal strip 39 and the terminal phyma 47 as a sense current so that 
clearly from drawing 6 . And by such MR film 43, it keeps away from the contact surface with the magnetic-domain 
control hard film 44, and a path can be established near the center of the MR film 43 as a current. 
[0033] Drawing 7 shows one example of the MR film 43. This MR film 43 consists of so-called spin bulb film. That is, 
by the MR film 43, the substrate layer 51, the freedom side ferromagnetism layer 52, the nonmagnetic interiayer 53, 
the fixed side ferromagnetism layer (pinned layer) 54, the antiferromagnetism layer (pinning layer) 55, and a 
protective layer 56 pile up in order. According to work of the antiferromagnetism layer 55, magnetization of the fixed 
side ferromagnetism layer 54 is fixed in the one direction. Here, the substrate layer 51 should just consist of Ta 
layer 51a and NiFe layer 51b by which a laminating is carried out to the front face of this Ta layer 51a. The freedom 
side ferromagnetism layer 52 and the fixed side ferromagnetism layer 54 should just be formed from a ferromagnetic 
ingredient called Co90Fe10. The nonmagnetic jnterlayer 53 should just be formed from an electric conduction 
metallic material called Cu. The antiferromagnetism layer 55 should just be formed from antiferromagnetism alloy 
ingredients, such as FeMn and PdPtMn. A protective layer 56 should just be equipped with Cu layer 56a and cap 
layer, i.e., Ta layer, 56b formed on this Cu layer 56a. 

[0034] If the CPP structure MR reading component 32 is opposed to the front face of a magnetic disk 13 in read- 
out of magnetic information, by the spin bulb film, the magnetization direction of the freedom side ferromagnetism 
layer 52 will be rotated as everyone knows according to the sense of the field which acts from a magnetic disk 13. 
In this way, rotation of the magnetization direction of the freedom side ferromagnetism layer 52 changes the electric 
resistance of the spin bulb film a lot Therefore, if a sense current is supplied to the spin bulb film from a top and 
the bottom drawer conductive layers 46 and 38, the level of the electrical signal taken out from terminal pads 48 
and 49 will change according to change of electric resistance. Binary information can be read according to change of 
this level. At this time, a path can be narrowed as mentioned above by the spin bulb film as a sense current. 
Consequently, the response sensibility of the spin bulb film to the field which acts from a magnetic disk 13 can be 
raised. 

[0035] Next, the manufacture approach of the surfacing head slider 19 is explained briefly. First as shown in drawing 
8 , the wafer 61 made from aluminum2 03-TiC (Al Chick) is prepared. In the front face of a wafer 61, it is aluminum 
203. The laminating of the film (alumina) 34 is carried out. The flat side 62 is formed in the periphery of a wafer 61. 
The sense of a wafer 61 can be specified based on this flat side 62. 

[0036] As everyone knows, in the front face of a wafer 61, many read-out write-in heads 23 are built. The read-out 
write-in head 23 is formed every block 63 started by 1 surfacing head slider 19, as shown in drawing 9 . For 
example, in the wafer 61 with a diameter of 5 inches, a total of 10000 surfacing head sliders 19 can be started in 
100-line 100 trains. The detail of the formation approach of the read-out write-in head 23 is mentioned later. It was 
formed, and reads and the write-in head 23 is covered with the alumina film 33. In this way, on a wafer 61, it was 
embedded on the film 24 with a built-in head component made from an alumina, and reads, and the write-in head 23 
is obtained. 

[0037] In this way, if it reads and the write-in head 23 is built, as shown in drawing 10 , the wafer bar 64 with which 
the above-mentioned block 63 was located in a line with the single tier will be cut down from a wafer 61. The wafer 
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bar 64 is cut down by slitting parallel to the above-mentioned flat side 62. Cutting plane 64a parallel to the flat side 
62 is specified to the cut-down wafer bar 64. As everyone knows, the surfacing side 25 of the surfacing head slider 
19 is formed by cutting plane 64a every block 63. Then, the surfacing head slider 19 is started every block 63 from 
the wafer bar 64. 

[0038] Here, the formation approach of the read-out write-in head 23 is explained in full detail. As shown in drawin g 
j_l , on a wafer 61, the laminating of the conductive magnetic film 65 is carried out to the front face of the basic 
layer 34, i.e., the alumina film. For example, the sputtering method should just be used for a laminating. A magnetic 
film 65 should just consist of soft magnetic materials called NiFe. Such magnetic films 65 are uniformly formed in 
the front face of a wafer 61 . 

[0039] Then, on a wafer 61, the bottom drawer conductive layer 38 is formed every above-mentioned block 63. On 
the front face of the alumina film 34. the bottom drawer conductive layer 38 begins to be deleted from a magnetic 
film 65 according to a regular configuration pattern. A configuration pattern should just be prescribed by the 
photoresist film 66 as shown in drawing 12 . If etching processing is performed to a magnetic film 65 around the 
photoresist film 66, the magnetic film 65 modeled after the configuration pattern under the photoresist film 66 
remains. In this way, the bottom drawer conductive layer 38 can be formed. The photoresist film 66 is removed after 
etching processing. 

[0040] As shown in d rawing 13 , the basic insulator layer 67 is formed in the front face of the alumina film 34. This 
basic insulator layer 67 is aluminum 203. Si02 What is necessary is to just be formed from the said insulating 
material. The basic insulator layer 67 is uniformly formed in the front face of a wafer 61. Consequently, the bottom 
drawer conductive layer 38 on the alumina film 34 is covered with the basic insulator layer 67. 

[0041] Then, flattening processing is performed to the basic insulator layer 67. flattening processing — for example, 
CMP (chemicalmechanical polishing) — law should just be used. In addition, it may replace with the CMP method, 
argon cluster processing may be used, and, in addition to the CMP method, argon cluster processing may be 
performed. Flattening processing is continued until the bottom drawer conductive layer 38 is exposed, as shown in 
drawing 14 . The front face of the bottom drawer conductive layer 38 and the front face of the basic insulator layer 
67 constitute 1 flattening side 68. 

[0042] In this way, the electric conduction terminal strip 39 is formed on the formed flattening side 68. For example, 
as shown in p^wjngJS t on a wafer 61, the laminating of the magnetic film 69 is again carried out in formation. For 
example, the sputtering method should just be used for a laminating. A magnetic film 69 should just consist of soft 
magnetic materials called NiFe. Such magnetic films 69 are uniformly formed in the front face of a wafer 61 
[0043] Then, on a wafer 61, the electric conduction wafer 71 is formed every block 63. On the front face of the 
bottom drawer conductive layer 38, the electric conduction wafer 71 begins to be deleted from a magnetic film 69 
according to a regular configuration pattern. A configuration pattern should just be prescribed by the photoresist 
film 72 as shown in drawing 16 . If etching processing is performed to a magnetic film 69 around the photoresist film 
72, the magnetic film 69 modeled after the configuration pattern under the photoresist film 72 remains. In this way, 
the electric conduction wafer 71 can be formed. The photoresist film 72 is removed after etching processing. 
[0044] As shown in drawing 1 7 , the middle insulator layer 73 is formed in the front face of the bottom drawer 
conductive layer 38, and the front face of the basic insulator layer 67 on a wafer 61. This middle insulator layer 73 is 
aluminum 203. Si02 What is necessary is to just be formed from the said insulating material. The middle insulator 
layer 73 is uniformly formed in the front face of a wafer 61. Consequently, the electric conduction wafer 71 on the 
bottom drawer conductive layer 38 is covered with the middle insulator layer 73. 

[0045] Then, flattening processing is performed to the middle insulator layer 73. flattening processing — for 
example, CMP (chemical mechanical polishing) — law should just be used. In addition, it may replace with the CMP 
method, argon cluster processing may be used, and, in addition to the CMP method, argon cluster processing may 
be performed. Flattening processing is continued until the electric conduction wafer 71 is exposed, as shown in 
fcawLQgJ.§ . The summit side of the electric conduction wafer 71 and the front face of the middle insulator layer 73 
constitute 1 flattening side 74. In this way, the electric conduction terminal strip 39 is formed. 
[0046] In this way, the MR film 43 and the magnetic-domain control hard film 44 are formed every block 63 on the 
formed flattening side 74. First, on a wafer 61. as shown, for example in drawing 19 , the layered product 75 
equipped with the same layer structure as the above-mentioned MR film 43 is formed. For example, the sputtering 
method should just be used for formation. A layered product 75 should just be uniformly formed in the front face of 
a wafer 61. On the flattening side 74, each class of a layered product 75 can be accumulated in a high precision. 
[0047] Then, on the wafer 61, the magnetic-domain control hard film 44 is formed. For example, the space 76 which 
modeled one pair of magnetic-domain control hard film 44 after the layered product 75 every block 63 as shown in 
drawing 20 is *****^*****. I n this ********, as shown in drawing 21 , the photoresist film 77 which modeled the 
profile of space 76 is formed in the front face of a layered product 75. If a layered product 75 is put to etching 
processing after formation of the photoresist film 77, space 76 will be formed into a layered product 75. The front 
face of the middle insulator layer 73 is exposed in space 76. 

[0048] As shown in drawing 22 , subsequently on a wafer 61, the laminating of the magnetic film 78 is carried out 
Space 76 is filled up with a magnetic film 78. The magnetic-domain control hard film 44 is established in space 76. If 
the photoresist film 77 is removed after formation of this magnetic film 78, the magnetic film 78 on a layered 
product 75 can be removed from a wafer 61. The front face of a layered product 75 is exposed again. 
[0049] In this way, formation of the magnetic-domain control hard film 44 forms the MR film 43 every block 63. The 
MR film 43 should just begin to be deleted from a layered product 75 for example, based on the etching method. In 
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beginning to delete, as shown in drawin g 23 , on this layered product 75 that remains, and the magnetic-domain 
control hard film 44, the photoresist film 79 of one muscle prolonged in the one direction is formed. If a layered 
product 75 and the magnetic-domain control hard film 44 fail to be shaved around the photoresist film 79, the 
continuum of the MR film 43 prolonged in the one direction on the flattening side 74 and the magnetic-domain 
control hard film 44 can be formed. At this time, the MR film 43 which began to be shaved lies in the summit side of 
the electric conduction terminal strip 39 at least. Thus, since the MR film 43 and the magnetic-domain control hard 
film 44 are formed on the flattening side 74, by the MR film 43 or the magnetic-domain control hard film 44, close 
dimensional accuracy (configuration precision) is realizable. In this way. after the continuum of the MR film 43 and 
the magnetic-domain control hard film 44 is formed, the photoresist film 79 is removed. 

[0050] Then, as shown in drawing 24 , the covering insulator layer 81 is formed on the flattening side 74 exposed 
again. This covering insulator layer 81 is aluminum 203. Si02 What is necessary is to just be formed from the said 
insulating material. The covering insulator layer 81 is uniformly formed in the front face of a wafer 61. Consequently, 
on the flattening side 74, the continuum of the MR film 43 and the magnetic-domain control hard film 44 is covered 
with the covering insulator layer 81. 

[0051] In this way, as shown in drawing 25 , the contact hole 82 which arrives at the front face of the MR film 43 
every block 63 is formed in the formed covering insulator layer 81. The photoresist film 83 which modeled the profile 
of the contact hole 82 is formed in the front face of the covering insulator layer 81 in formation of the contact hole 
82. If etching processing is performed, the contact hole 82 which penetrates the covering insulator layer 81 will be 
formed in the covering insulator layer 81. The contact hole 82 exposes the summit side of the MR film 43. Formation 
of the contact hole 82 removes the photoresist film 83. 

[0052] The top drawer conductive layer 46 is formed in the front face of the covering insulator layer 81 after 
formation of such a contact hole 82. As it is in charge of formation of the besides side drawer conductive layer 46, 
for example, is shown in drawing 26 , the laminating of the conductive magnetic film 84 is carried out to the front 
face of a wafer 61. For example, the sputtering method should just be used for a laminating. A magnetic film 84 
should just consist of soft magnetic materials called NiFe. Such magnetic films 84 are uniformly formed in the front 
face of a wafer 61. Therefore, the contact hole 82 is filled up with the conductive magnetic film 84. 
[0053] On a wafer 61. the top drawer conductive layer 46 is formed every block 63. On the front face of the 
covering insulator layer 81, the top drawer conductive layer 46 begins to be deleted from a magnetic film 84 
according to a regular configuration pattern. A configuration pattern should just be prescribed by for example, the 
photoresist film (not shown). If etching processing is performed to a magnetic film 84 around the photoresist film, 
the magnetic film 84 modeled after the configuration pattern under the photoresist film remains. In this way, the top 
drawer conductive layer 46 can be formed. The photoresist film is removed after etching processing. 
[0054] In this way, on the built CPP structure MR reading component 32, the induction write-in head component 31 
is built as known. In advance of this construction, the CPP structure MR reading component 32 may be embedded 
at a nonmagnetic insulator layer (not shown). On the front face of this nonmagnetic insulator layer, the insulating 
layer and the up magnetic pole layer 35 where the coil pattern besides the lower magnetic pole layer 36 or the 
nonmagnetic gap layer 37 was embedded are formed successively. In advance of formation of such induction write- 
in head components 31, flattening processing may be performed to the front face of a nonmagnetic insulator layer. If 
the induction write-in head component 31' is* finally embedded on the alumina film 33, formation of the read-out 
write-in head 23 will be completed. 

[0055] Drawing 27 shows other examples of the MR film 43. This MR film 43 consists of tunnel junction film. That is. 
by the MR film 43, the substrate layer 101, the freedom side ferromagnetism layer 102, an insulator layer 103, the 
fixed side ferromagnetism layer 104, the antiferromagnetism layer 105, and a protective layer 106 pile up in order. 
According to work of the antiferromagnetism layer 105. magnetization of the fixed side ferromagnetism layer 104 is 
fixed in the one direction. Here, the substrate layer 101 should just consist of Ta layer 101a and NiFe layer 101b by 
which a laminating is carried out to the front face of this Ta layer 101a. The freedom side ferromagnetism layer 102 
and the fixed side ferromagnetism layer 104 should just be formed from a ferromagnetic ingredient called Co90Fe10. 
An insulator layer 103 should just be formed from the metal oxide film of for example, aluminum2 03 and others 
(alumina). The antiferromagnetism layer 105 should just be formed from antiferromagnetism alloy ingredients, such 
as FeMn and PdPtMn. A protective layer 106 should just be equipped with Cu layer 106a and cap layer, i.e., Ta layer, 
106b formed on this Cu layer 106a. 

[0056] If the CPP structure MR reading component 32 is opposed to the front face of a magnetic disk 1 3 in read- 
out of magnetic information, by the tunnel junction film, the magnetization direction of the freedom side 
ferromagnetism layer 102 will be rotated as everyone knows according to the sense of the field which acts from a 
magnetic disk 13. In this way, rotation of the magnetization direction of the freedom side ferromagnetism layer 102 
changes the electric resistance of the tunnel junction film a lot Therefore, if a sense current is supplied to the 
tunnel junction film from a top and the bottom drawer conductive layers 46 and 38, the level of the electrical signal 
taken out from terminal pads 48 and 49 will change according to change of electric resistance. Binary information 
can be read according to change of this level. At this time, a path can be narrowed as mentioned above by the 
tunnel junction film as a sense current Consequently, the response sensibility of the tunnel junction film to the field 
which acts from a magnetic disk 1 3 can be raised. 
[0057] 

[Effect of the Invention] according to this invention as mentioned above — electromagnetism — without it depends 
on contraction-ization of the conversion film — electromagnetism — the CPP structure which can narrow a path 
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further as the current supplied to the conversion film — electromagnetism — a sensing element is offered. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing the internal structure of hard disk drive (HDD) roughly. 

[Drawing_2] It is the expansion perspective view showing one example of a surfacing head slider. 

[Drawing 3] It is the front view showing roughly the situation of the read-out write-in head observed in respect of 

surfacing. 

[Drawing 4] It is the top view showing the bottom drawer conductive layer of a CPP structure magneto-resistive 
effect (MR) reading component. 

[Drawing 5] It is the top view showing the top drawer conductive layer of a CPP structure MR reading component. 
[DrawingjS] It is the expansion partial front view of a CPP structure MR reading component showing a path roughly 
as a sense current. 

[Drawing 7] It is the expansion front view showing roughly the structure of the spin bulb film concerning one 
example of MR film. 

[Drawing 8] It is the perspective view of a wafer. 

[Drawing^] lt 'S the expansion part plan of the wafer in which two or more read-out write-in heads formed on the 
wafer are shown. 

[QrawingJO] It is the perspective view showing the wafer bar cut down from the wafer. 

[Drawing 11] It is the expansion fragmentary sectional view of the wafer in which the process which forms a bottom 
drawer conductive layer on the front face of a basic layer is shown. 

[ Drawin gJ-2] lt is the expansion fragmentary sectional view of the wafer in which the process which forms a bottom 
drawer conductive layer on the front face of a basic layer is shown. 

[ Drawingjj] It is the expansion fragmentary sectional view of the wafer in which the process which forms a basic 
insulator layer in the front face of a basic layer is shown. 

[DravWngJMj It is the expansion fragmentary sectional view of the wafer in which the process at which the front 
face of a bottom drawer conductive layer is exposed is shown. 

[P.r:awi0gJ_5] It is the expansion fragmentary sectional view of the wafer in which the process which forms an 

electric conduction wafer on the front face of a bottom drawer conductive layer is shown. 

[Drawing 16] It is the expansion fragmentary sectional view of the wafer in which the process which forms an 

electric conduction wafer on the front face of a bottom drawer conductive layer is shown. 

[Drawing 1 7] It is the expansion fragmentary sectional view of the wafer in which the process which forms an 

insulator layer on a flattening side is shown. 

[Drawing 18] It is the expansion fragmentary sectional view of the wafer in which the process at which the summit 
side of an electric conduction wafer is exposed is shown. 

[Drawing 1 9] It is the expansion fragmentary sectional view of the wafer in which the process which forms a layered 
product equipped with the same layer structure as the spin bulb film is shown. 

[ Drawin gjOj It is the expansion part plan of the wafer which shows **************** to a layered product. 
[Drawing 21] It is the expansion fragmentary sectional view of the wafer in which a ******** process is shown for 
space by the layered product 

[Drawing 22] It is the expansion fragmentary sectional view of the wafer in which the process which fills up 
**************** wjtn tne magne tj c substance is shown. 

[Drawing 23] It is the expansion part plan of the wafer in which the resist film which specifies the continuum of MR 
film and the magnetic-domain control hard film is shown. 

[ D rawing_24] It is the expansion fragmentary sectional view of the wafer in which the process which forms the 
covering insulator layer which buries the continuum of MR film and the magnetic-domain control hard film is shown. 
[Drawin g_25] It is the expansion fragmentary sectional view of the wafer in which the process which forms a contact 
hole in a covering insulator layer is shown. 

[ Drawin g_26j It is the expansion fragmentary sectional view of the wafer in which the process which forms a top 
drawer conductive layer is shown. 

[Drawing_27] It is the expansion front view showing roughly the structure of the tunnel junction film concerning 
other examples of MR film. 
[Description of Notations] 

32 CPP Structure — Electromagnetism — CPP Structure Magneto-resistive Effect (MR) Reading Component as a 
Sensing Element — 34 aluminum 203 as a basic layer The film (alumina), 38 Bottom drawer conductive layer, 39 
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Electric conduction terminal strip, 39a The wall surface of an electric conduction terminal strip, 41 The insulating 
layer containing an insulator layer, 42 1 flattening side and 43 electromagnetism — the magneto-resistive effect 
(MR) film as conversion film — 45 A covering insulator layer, 46 A top drawer conductive layer, 47 Terminal phyma, 
67 A basic insulator layer. 68 The flattening side on a basic insulator layer, 71 An electric conduction wafer, 74 The 
flattening side on an insulator layer, 81 A covering insulator layer, 82 A contact hole, 84 The magnetic film as an 
electrical conducting material, W1 The 1st piece, W2 The 2nd piece, the 3rd piece of W3. 



[Translation done.] 
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*(C[p]^oTMCXS2lS©U-;W2 7«*»JEftSn«. & 

U— ;P2 7©]I±H{C«^it?l$SABS 

®) 2 8*tSt3n5. ABS 2 8Ttt^2 6 ©it 

4 fcaaasftfett^fflL^ga^y k 2 3 a, 

$tlS«fc-5tC, ABS 2 8TiitiS£gtiJ 

??±^-> Kx^yi 9 (Dmmitzo ^ifrmmizm z 

[0 0 2 0] i3li^±I2 5®«?*Pijfflfr*-r. Sr 
❖tUU«^ji*.-\-7 K2 3tt, »M®^-7 KT&t)^ 
Wmm*&»^\y H$f31iCP PfltjgSfiBkifc^ 
Tfc*>5CPP*ifi««i6ffi8WK (MR) 
3 2 iS^S^^-^-y h*^3 1 tt. «$D 

©MO, 0«*.fcBi*«:3-f;kr*:5'-> T£e 
afft*B»tMffl LTJKmT^ X ^ 1 3 tC 2 fillf S8£» 
'#atrCi?J«-p**. CPPMMRiMDif3 2 
«. J13D©iI0. fia^T^Xi? l 3 A^f^ffl-r-5J8^(C 
JfcUrjfcffc-rsffitriK:*:?* 2 fit if m&tiHhTz, z\iztf 
aS«S#^^-7 H^3 lfeiZ/CPP^it 
MRi*St3^f3 2H ^©A7FIfrtll2 4 

o 3 (7)i>5.i-) i3 3i. Tm¥mrtitt7>y- 

3-MI41(Mtt5Al2 0j (T^ST") Hi 3 4 <±© 

[0021] mmmg&fr'w h*?- 3 in. ab s 2 

8TllftS8SSffl$-t*£±aH&ffiJI3 5i, »ABS 

2 8-CI9SB€»ffiS-B-*T»aHiB3 6 t&fiSAS. ± 
gB:fcJ:i!*TSBGBg&JI3 5» 3 6(i«S|^«F eN-t>N i F 
e^^Jgfi£$nn«±H„ ±gB:fc<J:<yCTSBfi&®JI3 5. 

3 6«[S<»LTSI©S^^ 7 ^^3 lCD^tt^T 



[ 0 0 2 2 ] ±^fc cfctfTSBBHIjl 3 5,36 ©Rlfctt 

#J;U£"a it o 3 (t;P5^-) m<D#m&**y7M3 
«##±jesft* t, -7 y« 3 7 ©»^t\ 

±g&m@JI 3 5 fcTSBffiBffiJl 3 6 1 £fr£X5fiBm«r? 

±12 5fr<omnm2>. z\oLTmnmz>ms&&a&mm 

[0 0 2 3] CPP«ifiMRtt«JftD*^3 2tt, T)V 
«3l*lBU#«Ji3 8Sr«A*. T(B!l§l^!±5L^mM3 

1113 8«^CCPP«l3gMRgi^03g^F3 2© 

[0 0 2 4] Tffl?l£ttil,#ftJI3 8©ftiSI;:tt2Vtt*| 
^jt3 9*»iB«Sn*. ifflilSW3 9ttTfl?lt 
mLag«Jf3 8<D%Wfrt>iL-K>±tfZ>. ^SS^n-3 9 
tcti. Tffl3l#ttiL5*®JI3 8©^®^>=>3;-£±#t.5M 

13 9a«3fe *«*Ftf-3 9tt. |BJ*fc:, # 

mW^T-^3 9&WZ-teN i F e <fc<AofcaS«tt©$)CE8 
tt#T#tj££*l3±:, CO»«*FJt3 9»4|BJ«F(CCP 

[0 0 2 5] T«3l*tliL3«S3 8 «, 7;U5^3 

4<D&w-em&zffikm4 i tcs*ji*n-5. £©*&» 

14 1tt, »i*Ffr 3 9 OKiB 3 9 a l:»tooTffl 

m^M-3 9©Bt-ta*5«ktfiiSg:g4 1 ©*ffitt. «jn 
-5 1 ¥tft!4 2 fc&Jfe-TS. 
[0 0 2 6] W-mtM4 2±Tte. ABS28ICifioT 
®lX-5>S^^-r^^^m»fita^m (MR) m4 3 

««»riE*n*. ^®mri4 3«^< ifcigmssmt 

3 9©M±S(C^fc*3?>„ u^lTMRl4 3iT«5l 
#JULiS«S3 8t©r5fCtt*m^fr3 9S»i;t© 
*m^lW««5»ttiSa.$tlS. MR14 3©«jg©f¥aBti 

[0 0 2 7] mm\Z. ¥Sft®4 2±TH ABS 2 8 
{CiGoTM^^ 1 **©«KWIIA- KM 4 4 iJtJftJSft 
^g>. J^EfdffllA- KKE4 4H^fifkS4 2±TABS 2 
8IC*)^TMRIB|4 3£&?>.&tS. «KW»A-Hgt4 
4«««JAtiCoP ttCoCrPt <bHofc<felS$ma> 
e.^$ntltfckl^ Itl6©iiBKf»A-Kl4 4T 
tt. ^©10, MRI4 3&m®Z> l*rS](C«ioT^ 

K4 4 ©i8YfcJcSo*^A*-f TXmRrfm.l&tEtlZ>£, M 
Ri4 3rtTWAtiiftfl^iitti (free lay 
er) ©maKft(4^Sn^^t*tT#^„ 
[0 0 2 8] ¥S<k®4 2±ICttS6»C*«ail«4 5 
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&m>&zz>. z<D&mmmm4 5«. &mm4 1 £© 
tr. ^a«ag:S4 5o)mmiz^±m^\^mvmmm4 6 

Hfl>£©TlB!lSI#ffibiS«Jf 3 8 tIBIflHC. ± 
<S5?l^aib#«^4 6»i»«tt*«A**:»T*<ra^ 
C*«tt<£«*.Tt>J:H. ±{8l§li*ffiLigftJi4 6^«SJ 
*tfN i F e 4 fc»«tt©««tt#Ti)« S ftS 
<h, £©±M§l#tnLjg«ll4 6tt|p|^flcCPP«iSM 
RWi&m 0 3 2 <D±gB->-;U FB t LT«stg-r * C 
t^Tt^S. S9ifi©T«3'— ;P KBTftto'&TfflSIStli 

T^X^l 3±TlBSh7>>^©^f6]{CK§tfB&©» 

«K4 5ftJtaUTMRR4 SOKiBfcttMr**^ 
• 4 7*-»l:MSfti. £ 5 LTMRM4 3 t_hffl!l 

?i#tbL^«ji4 6 &®jnicttNmB4 7©**«i;t 

[0 0 2 9] H4A»6M6^«fc5t:. TM§l*tBUW 
mS3 8(i. ABS 2 8T»Ul , r4«Wai*»67';i'5^-|« 
3 4©S®(C»oT^tCj£^*-5. TffiflSl^tnLiUmil 

3 8 Of&llcl&flHVf? H 4 8 3i«iltS*n*. SSrTvW 
F4 8ttT«3l*tBU««a3 8©*BSfc»oTj£««n 
tf<fc y H 4 8 It, ^Jt'Ny KX y 1 9 *i 
3¥tt+rX'<>-> 3 > 1 8 fCHJgStlSKSk:. mfcfA u 

[0 0 3 0] m5A^m<E>^U^oiZ. ±^§l#ffib# 
114 611 A B S 2 8 TBtBTSflMto* &4ftBM&l*Bt 

4 5©Sffit»oT^{Cj£A«S. ±ffl!l§l^mb^mg 

4 6 ©a«icttj»?/xy K4 9 anwssn*. ? 

K4 9«±{B!l3l^aib^m^4 6©«®tceoTj£:^n 

x5-fyi 9##&+rx^>->3>i sicHjesn-sis 

[0 0 3 1] 0 6tC^$n-5«t5(C. ^1^3 9© 
iWl»MRi4 3©i(§W2cfc0fe¥b</h^<|g^^ 
^5. I^IC. ^8^4 7©ifsW3ttMRP4 3 ©*1W 
2 < fc0t>¥b</hS<ffij£Sn-5. W2, W 

3tt¥fiffcffi4 2fC^fTtCABS 2 8lC»^TSJ^^n 
ntfj;^. MRI4 3 ©<BW 2 teSBSlx-f X £ 1 3©¥ 

g*f6)»cfis^iE®©^/s«g*^)rr^. wwffii-a 9 

©(iWl ,»:Sg^S4 7©ijlW3 ttt^LOtSnrfc 

[0 0 3 2] «±©<t-575:CPP«|jgMRtt^ip^ 
3 2Tte±W3£r/T<SH§l€rtBUgSB4 6. 3 8*^ 
MR&4 3IC-tr>xmSf£«#tSgStl-5. d©t^, 06 
^f, 93 ^*^«t MR14 3Tli, *tgjB?Jt3 9 

■^« : f}i4 7©fia€rT-t>xmss©iiDjinJKie)6ti-s 



Ki»A- KK4 4 t®j|«®i^a?A^TMRIi4 
3 ©+&ttiST@S5©a9iIte{£35:$n5 d £*<T£ 

So 

[0 0 3 3] S7 (iMRM4 3©— ^^tJSr^T. d © 

mrI4 3m^^sxe>AVu:/i&T?#ij&£n£., -r 

MR§|4 3T«. T*JB5 1. SAfil9fiSttJB 
5 2. #8BEte4>p B 1B5 3. @5tffi!l&ic8te;f (pinne 
d layer) 54, R5£{BttH (pinning 
layer) 5 5 fe«fc^SB 5 6 d<JB#tca*a-&to-& 

e>ns. K^mi4B5 5©«^icjei;T@^j^ttB 
5 4©^btti^^]tc:@^$n«) <> TifeBsi 

«, TaB5 1a<h. :©Ta|5 1 afflSII;«13 
ft£N i F eB5 1 b£T*Bj5££nnfc£±l^„ ififfliJ5S 
ltt!5 2 43j:^@^ffl!l!^fiSittB5 4U{SJ^.«Co 9 oF 

4»mh 5 3 tae^ic u k^iitmm&mmmfrzmm 

Stin«ilr\ gi»tti5 5IHIil«FeMnfPd 
P tMni^ofcK3fifflH4^«W^e.^fiK$nntfJ; 
^. »SI®5 6tt, CuB5 6a£, COCui56a 

[0 0 3 4] 683lU»$g©S^{tiUC&/toTCPP#Sig 
MRS^-StOsTPS 2 7)tjg^^x^ 1 3©S®(C[Sj# 
^btf-n^i:. 7f>AJ^Itli, fig 
It^!> 1 3^e>f^ffl-r-5^©l6j^fCf£:i;TgS{B! 
3£®ttB 5 2 ©JS8{k^l^]«lHlfe-r-5>„ CUTI Affi45£ 

mttB 5 2 ©fi&ffc^ipj^taiE-r* x if >w?m<D 

m3\zmvmmm4 6. 3 s^e-xtr >A*;p7igi»;:ii> 

tts^n-2>ii^m^©i/^;)KS*^sfit©^fkizj^i;T^ 
ft-fs. d©u^;u©^{tfci£;i:T2fiift$g«^iRe. 
nsct^Tirs. £©££, xtf wwyBl-m. gtr 

-rsx if >Avi^^K©jes^afti««6 z. 

So 

[0 0 3 5] ^tC^i'V.y KX^-fyi 9 ©K^i*^ 

AliOi-TiC g}©^3i/\-6 Id? 

fflf ^n§. ^i/\-6 1 ©iSICtlA 1 2 Oj (7)V 
i3 4«$n5. Vx./\-6 1 V)9\.m\Z\t.W- 
S®6 2^Jgfig$n-5. d©^Sffi6 2tcS^^ r >o:/N 

-6 loisjtii^snsui^tti.. 

[0 0 3 6] ^«l©il0, 1 ©*®(C«#5.g: 

frrnvrnZiLfr^v H2 3(1. 0 9tC^$n-5io(C. 
l^J:^.y KX7-f y 1 9 IC«J0aj$n-5 l^o-^6 

3 crticj^fi£$n-&. fisjAtfiagso^c^iyN-e 
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1 0 OfTl 0 0 0 0 0iOS±^i/ 

f 2 3 (DMf&x&ommte&ftznz. w 

H2 3tt|#f>n-5)„ 
.[0 0 3 7] ZvLTWi&mLWt&fr'sy H2 3^ 

^sn^t* 0 i ofc^$n^>j;^tc, 

6 3 ^JtCifcA/Ac^xA-A- 6 4*i«>xA— 6 1iv 
?>^JDtl5$n^o "7:tA— A*— 6 4{isftai©^S®6 2 

ia-a'- 6 4 icti^jes 6 2 lew fcwmm 6 4 a «t 

Jl£J©il9, #J#i®6 4 atCteT/n^ 6 
3CTi:tcS±^>y KX7-f ^l 9 011112 5#7£f££ 

[0 0 3 8] i^T, tt*lliL/»*a*'\5/ H 2 3 ©15 
6 11TI1 »®S-T^:*5^T;i/5^-ffi[3 4<D«®tCigl 

^ 'j > if mum n ennBiii. raft®? 6 5 (i#y^«N 

Dofcittl6 5«">x/\-6 1 ©3t®«Cfi§ji&<-& 
tCJI^StlS. 
[0 0 3 9] Sg^TdA— 6 !±TttM^cO^'n^i7 
6 3 rttcT«5l#mb«*B3 8*t»«sn«. 7JV 
5tl3 4ff)SlTlt IS0ft/^->l:foT« 
1416 5*>&T«3l*ttiU*«Ji3 8ttBiJDfcB$n-5<, 
01 2lc*£*i3J:-5tc, MW./Si?->\Z&i7Ll<-£y* h 

6 6 0MlTlttl6 5 tCX->?>^®S*tJ|$tl-5 

7* Y-UzSX bm6 6TT. imA^-XC^tl 
&«tt«6 5tt».#-r<5. ;i?UTTffi!l3lt*fcBL#mJI 
3 8«^jE£$n-5>ri:»i-f $-5. Xy ^>y#Ul©eHC 

[0 0 4 0] 01 3{C^^n^J:3(C. 7JRtS3 4 

16 7tt0!l*.tfA 1 2 0 3 -fcS i 0 2 <b^t> 

*»&»j«'$nn««tir». m&mmme 7i«ia-6 i 

©*Sfc»iI^:<— «Jc»j*an*. -t©IS*, 7^5 
:Mg|3 4±CDT<ffl3l#tBL^Iig3 8ttXflHS«IBI6 7 

[0041] ^e©&. £om&hr6 7 icttspfifkaaaat 
^) s*«ffl^"E>nn««tt». ^©<&. cMPtetc^x 

ffiata, 01 4tc*$n^>j:5tc. T<ai§i^tiib#ms 
3 8i)m&-?2>£-?®M2nz. Tm^mvmmm3 



8 ©*®*3 £zmm&i&m 6 7 ©«®t* 1 wmtm 6 « 

[0 0 4 2] '5 LT»J«Sft&¥Sfl:ffl 6 8 
^fr3 9(lM3tlTVK. WAlffll 5fc*S*lS 

6 9 testis. WJHCtt^J^.«XA>>^ «J >^fe*i 
JB^€>*ltXk£ck^„ mtkm6 9te#J;UfN i FetHo 

6 9ti^x/N-6 1 ©*®lc*iifc<— «»C#jSStl 
5. 

[0 0 4 3] «Wl)iA- 6 1 ±T(i7*P •> £ 6 3 ZT 
ifc»«/hW-7 ld^fiK$n^„ TflJ3l*ttib*«Ji3 

36»&#«/hM-7 lttHuomsns. 01 6tc^^n-5«t 

IMKA^— M^J^i?* bJSl7 2T& 

6 9l:iyf>^ffil*iiSn5i:, 7*hl/->'XH 

7 2TT, JIM^* — >K*&n&«tt«|6 9fi»#-f 

l7f>^I0SIC7*hl"7X M8I7 2»m*$n 

[0 0 4 4] 01 7fC*^tX^>J;-5tC, >)iA-6U 
TttT«3l#ffib»«Ji 3 8 ©*®i5«ktf«&*&|£aSi 6 

8r|g7 3te#I*J;£A 1 2 O3 ^>S i O2 t^ofcSS&HkM 
W&MSnniiJ:^. t»ra«#M7 3IW1A-6 

3[*fflUMM3 8±©*«/hM-7 1 atB.1«gW7 3 

[0045] +ra«si»« 7 3 tzitw-moMmtfi 
mtsnz,. w-m^mmiz^m^cMP ut^mmmm 

T)i>3>i7 7 7,i7mmtfm^*>tiTb£<. cMPjstc 

sania. 0 1 8 !c*$n3<fc 5 tc. #s/h)t 7 1 *tgai 

«6#K 7 3 CDSStt 1 VS-fbffl 7 4 £J8f£-r-5. 

Tita^3 9 ti^sn?.. 

[0 0 4 6] ^5LTM§nfcfiftI7 4±T7*P 
•yi?6 3 r£ (CM Rig 4 3 fe«ttf«K«lllA- HM4 4 

0 1 9 (C^tlScfcptC, hi(kE©MRK4 3 tW\—(DM 
¥iftffi7 4i:TCM«Jl#:7 5©#JittKlr»afflET«[* 

[0047] ^©«, ^ia- 6 1 ±rc \zm&.mw\- 

H^4 4A«SnTlK, fiSJA«02 otc^^n^i 
^IC, «S^7 5tC«, yp-y^7 6 3 rttCl*f©mE 
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©< o»^fc*fcoT. 12 i ic*^n-5>«t5Jc. mm 

7 5 (flcaiB 7 6 iZB&LZtlZ. 5x?FhJ 7 6 TMrtimBflk 
M7 3©*ffi^@tB-T-5. 
[0 0 4 8] @2 2tC^$n-5<i;plC. *UT-)iA- 

6 1 ±tC««ttP 7 8 #«Jf £n-5>„ £RJ] 7 6 tefiSffiK 

7 8 T^aStlS. £M 7 6 WICBKMWA- KM4 4 

h&7 7ff&0tLtotl2>£. fflM7 5±Oi8ttl7 8 

[0 0 4 9] C 5 1/TBKIHflA- h'R 4 4 *«MSn 
Z>t. 7uy? 6 3 r<tiCMRBl4 3ttffen5. M 
RK4 3»a«AtfXs/5 1 >^tttc*^*aiJlfl:7 5*^ 
»J9tB£*in««i:U. ^©IMOfflUci&JtoT, 02 3 
IC;^£*l-5J;5(C. 8#TS*8JS#7 5:feJ:tfJKKj&tf3f 

M7 9*lM2til.„ 7thkyXhi7 9©)iiT 
«Uf#7 5*±rflBKM»A-H«4 4#BiJ9i$<b$tt 
¥iftI7 4±T1 ^fafCifftfSMRJBH 3 fej; 

zmmmws- kem 4 (Dwmmtj&rfL-ztiz z\ t^-e 

£©£t*. N'J0tB$n^:MR^4 3«'>^< it, 

174 ±TM RI4 3 KBI 4 4 755P/&£ 

tlSCt^S, MRK4 3^BKSj»A-HK4 4?tt 

I5LTMRI4 3*5J:tffi8[2:©J$IA- KB£4 4 ©gigg 
[0 0 5 0] 02 4{C^3tl^«fc3»C> ffOtfil 

ajb£¥»fc® 7 4±ictt^s«aBkK8 i *t»riEsn 

-©&S*6igiJII8 1 te#|*.tfA hOjtS i 0 2 
^-©SSH, ¥«ft®7 4±1?ttMRK4 3*5«fctXfi8E$<J 

•I/N-HR4 4<ommmtWiWimm8 1 tafcns. 

[0 0 5 1] C5LT#J*;£nfc*«ie*Bl8 1 {Ctt. 
02 5lC^$tll>J;5lC. 7uy9 6 3 rtfCMR^4 
3<D&mzm?2>3>fi7 K7L8 2«3n5. n> 
K7L8 2CDJg)5£lc^fcoT. KS«fii&^8 1 <D&M 

K8 3«l)Rit3n«. &ffilgi&ii8 1 ICfi9JxtfX->5 1 > 

t>hH8 2\mi8.2tl2>. K7L8 2UMRI4 

•St. 7* HUiyy; hK8 3«^*$n-5. 
[0 0 5 2] C5bfc3>^ir H?L8 2©»J*«K. & 



3nTi^<„ cro±{89?i#a5b^ms4 6<Diemz$>rz 

oT, 0ilA.«02 6t^Sns«t^lC. 9iA- 6 1© 
«SlCt4#*i4©^ttK8 4**SJI£n-5. WJftCtetfiJ 

ckH. d5^ofe«14IK8 4IWiA-6 1©*®{C^ 

2 fctt«tti£©B&R 8 4 *»3fe*sn*. 

[0 0 5 3] 1 ±rC\*.7Uy>7 6 3 rtlCk 

<fc^. 7* h hR(!)||HTttttR8 4 Cly5 1 > 

->i:*6ft&BttK8 4iaaSti. d5bT±«5l 

[0 0 5 4] C3bT«JB$nfcCPP«ifiMRtt*Bl 

0ff3 2±f:a, gE*n©ffi0, R*»si&*^y k* 
^3 l^n^nriK. d©«^tc5fe5£^TCPP#i 
jgMRtt^o^ 3 2\*ftmmmm (0^-ei*) k 

IftatnT^iK c©#®Ett*&gyg|©gi®-c\ TS£ 

111 3 6 1 7 ^1 3 7 3-f*/1* 

->*»«»&sn&ieiwi. ±gcsss®3 5*ita^^-c 

y;V5i-^3 3tca«6iiStl^><i:> St^JtSLS^jA^'S 
y K 2 3 ©«J5£«^7f?». 

[0 0 5 5] S2 7HMRI4 3©iOAWJ5^t. 

MR14 3Tli, Tmmi 0 1, g E&M&fiBttJf 1 
0 2 . *g^m 10 3. H£«9tt8&JB 104, 
11 o 5*>«i:o:«@)ii o 6*«jll#k:Sto^to-&6*i 

SSftBttJB 1 0 5©»*fcjfci;THJ6«3!H8ttJB 1 
0 4©fiS{kttl^l^(CB3£$ns„ dCT. TiilO 
lt4. TallOlai, d©T ajf 1 0 1 a©^ffi(c 
«JS$ft-5N IFellOl btTMSnntfiH. 
§*{SJ^tt@ 1 0 2 43£tfB9&ti!lMHBttJI 1 0 4 
^.liC 090F e iot ^fcS$J8ttW^6J§?J5)c£nnt;£ 
ct^. Wl 0 3«0i|^tfA i 2 o 3 (T;U5±) 

©^©^^ka^ejgfigatintfj:^,, K^mnkmi 

0 5lifiaj^«FeMn-^Pd P tMnt^ofcSMtt 
6*#»*&jn££tiftttJ:lr>. «1110 6lt Cu 
H06ai:, CCCul 1 0 6 a JifC^$n-5^-v 
•y/If^TaSl 0 6biiKntfJ:K 
[0 0 5 6] K^^©^tBLJC*fc-s.TCPP«$ig 
MR^liO^f 3 2dta^xw7;i7 1 3©aS5IC|6)g- 
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&m&m io2 <Dmit?jfa\t®fcfz>. z ? ltsmj 
&«&i4n 102 (Dmitjjfa-tumfc-rz t . h >*ji&<g 

tfT«§li*tt5LigMi»4 6, 3 8j&»&h>*;WS£IJ|K: 
SStlSCttfTSS. cot*. ,h>^M^Itr 

[0 0 5 7] 

St©ii 0 ii £ 2 <=> II -5 31 <h # £ G P P #tjfi*m 

[0S©fMifcSiBjl] 

[01] /V-F5vfX*Wft»« (HDD) ©ftSMS 
[02] ^±^7 M»M : £:mT&Jz& 
[0 3 ] ^±BTS^$tl-Sfg^tii L^€rji^>> K 

[04] cppsiii^fiSi^m (mr) mx-mim 

[0 5] CPP^MRftJMfcOSfc^O-hfflgigfcBL 
[0 6] iz>X««©»Dil*«B8ttKjR-rcPP;|f| 

[0 7] MRBto— JW*«»c«4Xtr>;t;p^iRo#i 

ii$:*!tBSWtC^-rt£^:iE®0-C$.-5>„ 

[0 8] r>xA— ©gras-c&s. 

[0 9] ■>xA-±lcjgJEacStlfc?S»<@©S!*.tfJUS 
[010] ■>Dc/\-^6«0ffi$nfc^i/N-A'-$ 

[011] a<ss©*BTTfi!i3ifrmu3i«g*^ 
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